The impact of nanofiller surface modifications and hydrophobicity on the morphology and mechanical properties of the biomedical TPU nanocomposites was studied. We show that incorporating nanofillers with higher hydrophobicity promotes better dispersion of nanofiller in TPU matrix due to greater interaction between the nanofiller and the hydrophobic PDMS soft segment in this ElastEon TPU system. The nanocomposite with the most hydrophobic surface modification demonstrates the best nanofiller dispersion and intercalation and hence resulted in an overall best mechanical and thermomechanical properties when incorporated in 2 wt%. These findings show that the polarity matching between the TPU and the nanofiller determines the nanofiller-TPU interactions and thus the mechanical properties of the produced nanocomposites.
The poly(dimethylsiloxane) (PDMS) / poly(hexamethylene oxide) (PHMO)-based TPUs represent potential candidates for biomedical application due to their exceptional mechanical properties and biocompatibility. The use of readily available and cost effective layered silicates as nanofillers in achieving a TPU nanocomposite profile which engenders strength and toughness while maintaining flexibility and resilience is thereby, a novel and exciting field of exploration. It is anticipated that the incorporation of the well-engineered silicate nanofillers will improve the mechanical properties of the PDMS/PHMO-based TPU without compromising the intrinsic elastomeric behaviour. Synthetic layered silicates are a suitable class of reinforcing nanofiller for the PDMS/PHMO based TPU due to the range of different aspect ratio lamellar substrate elements available, coupled with a tailorable surface chemistry. The key challenge to achieving successful TPU-silicate nanocomposite performance is optimization of the silicate surface modification. This is vital to promote the entry of this phase separated TPU into the galleries of the nanosilicate, thus enhancing the level of interaction between these two components. It is well known that the efficiency of surface modification depends on the ability of surfactants to provide the desired silicate surface property [1] . This is governed by several factors such as the organic surfactant functionality [2] , packing density, length of the surfactant [1] and the interaction between the surfactant and silicate surface [3] . In this work, the determination of an appropriate surfactant for silicate surface modification was done by systematically assessing a series of organically modified silicates or "organosilicates" with controlled hydrophobicity to enable the selection of the most compatible organosilicate. In theory, an "ideally compatibilised" TPU-organosilicate system will most effectively enhance the mechanical properties. The nanofillers were prepared by employing six slightly different surface modifications (single and dual variations) as listed in Table 1 . Our earlier patented work [4] and publication [5] have shown that using dual surface modifications of choline in combination with another longer alkylammonium surfactant has resulted in better thermal stability, dispersion and mechanical properties.
A PDMS/PHMO based TPU, commercially known as ElastEon E5-325 was used as matrix material. A synthetic, high aspect ratio nanosilicate; fluoromica (Somasif ME100) was chosen as nanofiller. The descriptions of these materials have been discussed elsewhere [5, 6] . Four types of surfactant were employed (in 6 different single or dual variations) to modify the nanosilicate, and they are listed in Table 1 . The chemical structure of these surfactants is shown in Figure 1 . Based on the contact angle measurements, the hydrophobicity level of the organosilicates increases according to this order: 100 Etho < 100 ODTMA ≈ 75 Etho < 100 DMDO ≈ 75 ODTMA < DMDO [7] . In the subsequent discussions, the term 'organofluoromica' is used to refer the organically modified fluoromica (ME), along with the acronyms of the surfactants (Table 1) . E5-325 TPU nanocomposites with organofluoromica were prepared in 2 wt% composition by solvent casting. The procedures of this techique have been discussed elsewere [6] .
XRD patterns of the fluoromica (unmodified) and organofluoromica (modified) are shown in Figure 2a , while XRD patterns for their respective nanocomposites containing 2 wt% organofluoromica are shown in Figure 2b . The unmodified synthetic fluoromica substrate exhibits a (d 001 ) basal spacing of 1.3 nm. The surface modifications have successfully increased the (d 001 ) basal spacing of the fluoromica. However, the organosilicates exhibit a range of XRD signatures when modified using different surface surfactants or combinations thereof. The interstratified superstructure of the fluoromica may allow different surfactant configurations, and this is reflected in the appearance of several diffraction peaks as opposed to the unmodified fluoromica [8] . Longer and more bulky alkylammonium surfactants are known to expand the silicate layers more effectively [3, 8] , however the concentration, configuration, conformation and inter-gallery packing of the single and dual modifications is also known to alter the final structure [1, 8, 9] . For instance, with the modification of ME with DODMAC/CC, DODMAC with its two long alkyl chains has substantially increased the (d 001 ) basal spacing from 1.3 nm to 6.5 nm, while the modification of ME with ODTMA/CC (ODTMA has only 2nd International Conference on Sustainable Materials (ICoSM 2013) a long straight alkyl tail) was observed to increase the (d 001 ) basal spacing from 1.3 nm to 4.9 nm. The least hydrophobic surfactant, Ethoquad, resulted in the smallest increase in (d 001 ) basal spacing, which is 4.7 nm. This suggests that the silicate basal spacing may be increased further when modified with the more hydrophobic and bulkier surfactant. Interestingly, an Ethoquad modified ME (MEE and MEE-C) demonstrate weaker and more diffuse peaks as compared to others. This suggests that the Ethoquad, in the presence of two ethoxy groups attached to its tail is certainly organized in a more random fashion than the more traditional alkylammonium surfactants which assemble "head-down -tail up", thereby causing more disruption of the layered silicate registration. TPU nanocomposites with varying surface modifications generally exhibit three well-defined diffraction peaks, although they show slight variations in peak positions. The differences in basal spacing between the organosilicate and the nanocomposites certainly suggest intercalation of TPU into the silicate interlayer spacing. As compared to other systems, 2MED-C nanocomposites demonstrate weaker XRD signals, due to better TPU intercalation between the platelets, which produced smaller tactoids. When incorporated into the TPU, the presence of dual DODMAC and hydroxyl-bearing choline surfactants appears to encourage the molecular interactions between the organofluoromica with both TPU hard and soft segments, thereby enhancing the platelet exfoliation and dispersion [4] .
!"
TEM images of the nanocomposites containing the organofluoromica in 2 wt% are displayed in Figure 3 . The "polarity matching" between the polymers and organophilic silicate is one important factor that determines the quality of the organoclay dispersion in polymers [10] . The polarity of the silicate layer surface has an influence on the silicate layer dispersion, where the good interaction between the alkyl chains of the organic surfactant and hydrophobic parts of polymer chains can be achieved if there is sensible polarity matching between both components. Incorporating nanofillers with higher hydrophobicity may promote better dispersion of nanofiller in TPU matrix due to greater interaction between the nanofiller and the hydrophobic PDMS soft segment in this particular TPU system. As compared to MEE-C, organosilicates with the most hydrophobic modifications (MED-C), when incorporated in the E5-325 in 2 wt%, were seen to have smaller tactoids, indicating a better dispersion and intercalation. In agreement with the XRD results, this further proved that, the most hydrophobic surface modification (D-C dual system) is the most effective surface modification to enhance the silicate dispersion in the TPU.
The mechanical properties of the E5-325 TPU (host and nanocomposites) are summarized in Table 3 . The incorporation of 2 wt% organofluoromicas resulted in an increase in tensile strength, modulus and elongation at break as compared to the host TPU. It is known that, the enhancement in tensile strength of elastomeric polyurethane is directly Advanced Materials Research Vol. 795
attributed to the reinforcement provided by the dispersed silicate platelets [11] . Better dispersed organosilicates may promote higher tensile strength due to an increase contact surface area and interaction bet Overall, the highest tensile strength, elongation at break, toughness and tear strength were achieved when 2MED-C was added with an increase of ~18 %, ~28 %, ~64 % and ~38% respectively. This suggests that the increase in surface modification hydrophobicity (from E to D-C) resulted in the enhancement of tensile and tear properties due to increased level of organofluoromica dispersion as depicted in the previous XRD and TEM analysis. We also believe that the presence of dual surfactants, which are bound to the fluoromica allows molecular interactions between the organofluoromica with , thus enhance both tensile and tear strength [4] .
The DMTA results are expressed by the tan δ value, a measure of the damping behavior responsible for determining the occurrence of molecular mobility transitions in the TPU. The tan δ peaks and the peak positions are given in Table  4 while the tan δ plots are presented in Figures 4. Two main peaks are revealed for the host E5-325, similar to that previously reported [5, 6] . The first peak corresponds to a low temperature process (Tα 1 ), which relates to segmental motion in the PDMS phase [12] . The second peak appears at a higher temperature (Tα 2 ) and this is assigned to the α,ω-PDMS end-group (soft microphase) segmental motion [5, 6, 12] . The Tα 1 and Tα 2 increased slightly with the addition of 2 wt% organofluoromica with a long hydrophobic chain ODTMA and DODMAC surfactants (O, O-C, D and D-C), whereas it decreased slightly with an Ethoquad modification. This indicates that, the more hydrophobic organosilicates are providing more favorable nanofiller-TPU interactions as a result of greater compatibilising effect. 
$
The impact of controlled hydrophobicity of the organically modified silicates on the morphology and properties of the E5-325 TPU nanocomposites was successfully studied. The nanocomposite with the most hydrophobic modification demonstrated the best nanofiller dispersion and intercalation, hence resulted in an overall best mechanical and thermomechanical properties when incorporated in 2 wt%. The polarity matching between the TPU and organosilicate was anticipated to enhance the silicate layer dispersions in the TPU, thus the mechanical properties of the TPU. Incorporating nanofillers with higher hydrophobicity promote better dispersion of nanofiller in TPU matrix due to greater interaction between the nanofiller and the hydrophobic PDMS soft segment in this PDMS/PHMO-based TPU system.
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